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CORONARY ARTERY SURGERY STUDY* 
New York, New York, Seattle, Washington and Rochester, Minnesota 
The effect on 7 year survival of having a normal or near 
normal coronary arteriogram was examined using data 
from the CASS registry of 21,487 consecutive coronary 
arteriograms taken in 15 clinical sites. Of these, 4,051 
arteriograms were normal or near normal, and the pa•
tients had normal left ventricular function as judged by 
absence of a history of congestive heart failure, no re•
ported segmental wall motion abnormality and an ejec•
tion fraction of at least 50%; 3,136 arteriograms were 
entirely normal and the remaining 915 revealed mild 
disease with less than 50% stenosis in one or more seg-
Several studies 0-5) of the clinical course of patients who 
have normal or near normal coronary arteries determined 
by coronary arteriography are available. Their major limi•
tation is that the number of such patients in each institutional 
series is relatively small and does not allow for analysis of 
subsets of patients whose prognosis might differ from that 
of the group as a whole. In addition, in most series the 
coronary arteriography was performed at a time when the 
radiographic quality of the studies was lower than current 
standards and the importance of angulated views was not 
appreciated. 
The large data base available from the Coronary Artery 
Surgery Study (CASS) provides a unique opportunity to 
reexamine this issue. Data on 4,051 patients in this category 
are available and the studies were performed between 1976 
and 1979. The current study presents a survival analysis of 
* A list of participating clinical sites and mvesligators appears in the 
Appendix. 
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ments. The 7 year survival rate was 96% for the patients 
with a normal arteriogram and 92 % for those whose 
study revealed mild disease (p < 0.0001). Nine risk vari•
ables recorded at entry were analyzed for predictive 
value for survival: age, sex, height, weight, history of 
smoking, presence or absence of mild disease, electro•
cardiographic response to exereise, family history of 
coronary heart disease and a history of hypertension. 
Of these, age, smoking history, presence or absence of 
disease and a history of hypertension had predictive value. 
(J Am Call Cardiol1986;7:479-83) 
these patients as an entire group and in subsets based on 
the presence at entry of known or suspected risk factors. 
Methods 
Selection of patients. The collaborative Coronary Ar•
tery Surgery Study is a large multiinstitutional study of the 
effect of bypass surgery on the natural history of coronary 
heart disease sponsored by the National Heart, Lung, and 
Blood Institute (6). It consists of both a relatively small 
randomized trial and a large registry. The registry contains 
all patients undergoing coronary arteriography for suspected 
coronary heart. disease at participating institutions from Au•
gust 1976 to June 1979. The total number of patients en•
rolled in the registry is 21,487, of whom 4,304 had normal 
or near normal coronary arteries defined as having no seg•
ment with a stenosis of 50% or greater and no left ventricular 
abnormality. Two hundred fifty-three patients with an ejec•
tion fraction of less than 50% or clinical congestive heart 
failure were excluded from the study as probably having 
primary myocardial disease. In some centers ejection frac•
tion was not measured because only 6 inch (15.24 cm) mode 
image intensification was available. These patients were 
included in the study group provided that all segments were 
described as having normal regional wall motion. There 
were 998 such patients. Of the 4,051 patients constituting 
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the study group, 3,136 were considered to have entirely 
normal coronary arteries and 91S patients had mild disease 
with stenosis of at least one segment graded greater than 0 
but less than SO%. 
Risk factors for survival. Survival comparisons were 
made on the basis of age, sex, height, weight, history of 
smoking, presence or absence of mild disease, electrocar•
diographic response to exercise, family history of coronary 
heart disease and a history of hypertension. A patient was 
considered to be a smoker if he or she ever consistently 
smoked cigarettes. Exercise tests were done according to 
the Bruce protocol and recorded on forms that have been 
previously published (6). Exercise electrocardiographic re•
sponses were characterized as positive if at least 1 mm of 
segmental ST depression occurred in any lead, and strongly 
positive if at least 2 mm ST depression was observed. The 
patient was considered to have a positive family history if 
there was a history of angina, myocardial infarction or sud•
den death in a parent, sibling, uncle or aunt before the age 
of SS. The patient was considered to have hypertension if 
a positive response was elicited on the history form. 
Data acquisition and analysis. The details of the CASS 
study design, methods, definition of terms, baseline data 
and follow-up have been described in considerable detail 
elsewhere (6). Survival curves were calculated using the 
standard life table method. In some of these analyses, where 
the pooling is over four age strata «40, 40 to 49, SO to 
S9 or >60 years), pooled survival curves are given. These 
curves represent the weighted average of the survival curves 
for the four strata. The statistical test reported for compar•
ison of the survival curves is the log rank statistic (7). 
To determine the effects of the various potential risk 
factors, a Cox proportional hazards survival analysis was 
carried out (7). The probability (p) values given for the Cox 
coefficients are based on the asymptomatic chi-squared sta•
tistics. Results of all statistical tests were considered sig•
nificant if the observed p value was less than O.OS (two 
sided). 
Results 
The study population of 4,OSI consisted of 1,949 men 
and 2,102 women with a mean age of 49.6 years. The group 
with entirely normal coronary arteries consisted of 1,443 
men and 1,693 women with a mean age of 48.8 years, and 
the group with mild disease consisted of S06 men and 409 
women with a mean age of S2.2 years. The completeness 
of follow-up for vital status was 98.4%. 
Predictors of survival. The Cox proportional hazards 
model was used to examine the effects of the nine potential 
risk factors described previously on the long-term survival 
of these patients. The following variables were found to be 
the best predictors of survival: age at enrollment (p < 0.001), 
presence of minimal disease (p < O.OOS), history of ever 
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Figure 1. Seven year survival in all patients by age. 
having been a smoker (p < 0.01) and history of hypertension 
(p < O.OS). The contrast between current and former smok•
ers did not reach statistical significance. The magnitude of 
these effects on survival is graphically displayed individ•
ually for each variable adjusted for age through the use of 
the life table-determined survival curves. 
Age. A potent predictor of survival was age at enroll•
ment in the study. Figure 1 shows survival by age intervals 
from less than 40 years of age to greater than 60. The Cox 
proportional hazards model gives a relative risk increase of 
0.18 for each additional year of age. Because of this impact 
of age alone on survival, other variables are compared after 
age adjustment as described in Methods. 
Smoking. In each decade, the 7 year survival of patients 
who had never smoked exceeded that of patients who had 
ever smoked, although this difference achieved statistical 
significance only for patients 60 years and older (Table 1). 
When the group as a whole was examined, the age-adjusted 
survival of patients who had never smoked exceeded that 
of smokers, and this difference achieved statistical signifi•
cance (Fig. 2). The relative risk computed from the Cox 
model was 2.2S. Thus, those who had ever smoked were 
estimated to have more than twice the risk of dying over 
the follow-up period compared with those who never smoked. 
An analysis of former smokers revealed no significant dif•
ference between that group and current smokers. 
No disease versus minimal disease. Patients with nor•
mal coronary arteries had a higher 7 year survival rate than 
those with minimal disease and this difference was statis•
tically significant for every age group except those 60 years 
of age and older (Table 1). The age-adjusted survival curves 
for the entire group (Fig. 3) show a highly significant in•
crease in survival for those with normal as compared with 
near normal coronary arteries. The Cox model gives a rel•
ative risk for those having minimal disease of 2.26 as com•
pared with those with no disease. 
Hypertension. A history of hypertension was a statis•
tically significant predictor of survival in the group as a 
whole (p = 0.03) and in the middle two age intervals. The 
group without hypertension had less than one-half the mor-
lACC Vol, 7. No 3 
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Table 1. Seven Year Cumulative Survival for Subgroups of Patients With Normal or Near 
Normal Coronary Arteries 
Age (yr) 
<40 40 to 49 50 to 59 >60 
N Survival N Survival N Survival N Survival 
Smoking 
Never smoked 191 0992 445 0973 675 0.967 315 0.963 
Smoked (ever) 430 0.934 851 0.947 877 0945 267 0.905 
P value* 0.26 0.10 0.21 0.02 
Minimal coronary di,ease 
Present 79 0961 268 0.864 379 0.948 189 0.930 
Absent 542 0.950 1,028 0.979 1,173 0.957 393 0.939 
P value* 0.011 00003 0.003 09 
HypertensIOn 
Present 128 0906 368 0.888 557 0.910 249 0.921 
Absent 478 0.953 896 0.976 950 0.977 322 0.943 
P value* 0.67 002 004 0.95 
Response to ,tres, test 
Negative 107 0982 239 0983 220 0.968 82 0.961 
Positive 11 0.909 35 1.000 59 1.000 20 0.950 
Strongly 4 lOt 20 095 38 0.946 8t 10 
positive 
p value* 0.46 0.37 0.24 0.83 
*The p values are for the log rank test of the null hypothesis of no difference between the survival curves; 
tsurvival esllmates are for 5 years because none of the patients in these groups were followed beyond 5 years. 
N = number of pallents; Survival = 7 year cumulative survival 
tality of the hypertensive patients in the three youngest age 
groups, and more than one-third less than the hypertensive 
patients in the oldest group (Table I). 
Electrocardiographic response to exercise. The 7 year 
survival data for patients whose exercise responses were 
negative, positive and strongly positive are shown in Table 
I. A total of 843 patients had an exercise test. Among the 
70 patients with a strongly positive response who were ob•
served over 7 years. there were only 3 deaths. The survival 
data for the group as a whole is shown in Figure 4. The 
electrocardiographic response to exercise was not predictive 
of survival, no matter how strong the response. Analysis of 
the data restricting the group to those with and without 
Figure 2. Seven year age-adjusted survival comparing never•
smokers with smokers. See text for definitions. 
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minimal disease did not uncover any significant predictive 
value of the exercise response. 
Cause of death. The probable cause was known for 84 
of the 95 deaths in the study (Table 2). Cardiac deaths are 
defined to include deaths caused directly by heart disease. 
deaths in which heart disease was a contributing factor, such 
as a pulmonary embolus complicating chronic congestive 
heart failure and sudden death, defined as death within an 
hour of onset of symptoms of myocardial infarction. Non•
cardiac deaths are defined to include atherosclerotic but 
noncardiac deaths, and all other noncardiac deaths such as 
those due to trauma, cancer and suicide. Although there 
Figure 3. Seven year age-adjusted survival comparing patients 
with normal coronary arteries with patients with mild disease. See 
text for definitions. 
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was a slightly higher percent of cardiac deaths in the group 
with minimal disease than in the group with normal coronary 
arteries, the difference was not significant. Thirty-eight per•
cent of the deaths in both groups were cardiac in nature. 
Two of the 84 known deaths were attributed to suicide. 
Discussion 
Approximately 20% of all patients who undergo coronary 
arteriography for suspected coronary heart disease prove to 
have normal or near normal coronary arteries. The total 
number of coronary arteriograms performed in this country 
per year is not known, but a reasonable estimate is 500,000 
(Greene DG, personal communication, 1984). Therefore. 
the annual number of patients in this category is estimated 
to be 100,000. 
Previous studies of the survival of these patients have 
shown this group to have an excellent prognosis in terms 
of mortality (1-5). Proudfit et al. (5) reported the largest 
institutional series with the longest follow-up and were able 
to show that long-term survival decreased when mild or 
moderate stenosis was present. Patients with moderate dis•
ease, defined as 30 to 50% narrowing in at least one coronary 
artery, had 90% survival at 5 years and 75% survival at 10 
years. 
The present study differs in several ways from previous 
studies. First, the number of patients is very large. Second, 
complete information is available about the patients at entry 
and has been stored in a computer for manipulation. Last, 
vital status is the only follow-up information known except 
for the cause of death, which is known in 88%. 
Effect of risk factors. The large number of patients in 
this study has allowed analysis of subsets of patients who 
have various risk factors at entry. When nine variables were 
examined (age, sex, height, weight, history of smoking, the 
presence or absence of mild disease, electrocardiographic 
response to exercise, family history of coronary disease and 
Figure 4. Seven year survival comparing patients with negative, 
positive and strongly positive (Pos.) stress tests. See text for def•
initions. (Note: These curves are not age-adjusted because of the 
small sample sizes in some of the age strata.) 
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Table 2. Cause of Death in 84 Patients With Nonnal or Near 
Normal Coronary Arteries 
Patient Group 
Normal Near Normal 
Arteries Arteries Total 
Cardiac 14 18 32 
NoncardJac 26 26 52 
Total 40 44 84 
a history of hypertension), only age, history of smoking, 
presence or absence of mild disease and hypertension had 
predictive value for survival. 
Smoking had a negative effect on survival, with patients 
who had ever smoked having more than twice the risk of 
dying of those who had never smoked. This finding is con•
sistent with epidemiologic data from earlier studies, but 
differs from previous data in that it is based on a study 
population with no or minimal coronary artery disease. This 
probably explains why the survival rate of former smokers 
in our study did not differ from that of current smokers. 
The significance of mild disease has been studied by 
Proudfit et al. (5), as previously described, but has not 
otherwise been examined. Patients with mild disease as 
defined in our study have an excellent prognosis with 92% 
survival at 7 years, but their survival rate is lower than that 
of subjects with entirely normal coronary arteries. This find•
ing is in agreement with the earlier study. One would have 
anticipated a significantly higher proportion of cardiovas•
cular deaths in the group with mild disease than in the group 
with normal arteries. That this was not the case, might be 
explained by a falsely high proportion of cardiovascular 
deaths in the normal group because of missed mild lesions. 
A history of hypertension at entry into the study was 
positively related to the risk of dying in this population. 
Because antihypertensive treatment might have decreased 
the observed mortality in this group, our estimates of the 
effect of this variable may be conservative. 
Stress tests. An interesting nonpredictive variable is the 
electrocardiographic response to exercise. In their original 
description of the normal coronary artery-anginal syndrome, 
Likoff et al. (8) reported on 15 women with an anginal 
syndrome, a positive stress test and normal coronary arte•
riograms. It was the ischemic response to exercise that led 
to a presumption of an organic underlying cardiac disorder. 
Recently, Erikssen et aI. (9) reported a 7 year follow-up 
study of 36 apparently healthy middle-aged men with a 
positive stress test and normal coronary arteriograms. Of 
the 36, 3 had a sudden cardiac death and 4 were diagnosed 
as having developed a cardiomyopathy within the 7 year 
follow-up period. The investigators concluded that patients 
with a positive stress test could not be assured of a good 
prognosis on the basis of a normal coronary arteriogram. 
JACC Vol 7, No 3 
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Our data do not support this conclusion. Although the 
number of patients who had an electrocardiographic stress 
test was small relative to the total group, there were more 
than 800 stress test responses to examine and we were unable 
to show any predictive value of an ischemic, even a strongly 
ischemic, response. If this stress-induced ST segment 
depression is due to ischemia, it is not related to a disease 
process that has a substantial impact on mortality over 7 
years of follow-up. 
Cause of death. Among the 84 patients with normal or 
near normal coronary arteries in whom the cause of death 
was known, about one-third of the deaths were cardiovas•
cular in origin. This surprising finding might be explained 
by inaccurate interpretation of the angiograms, rapid pro•
gression of disease or, possibly, early or borderline primary 
cardiomyopathy. 
Conclusions. l) Patients with normal or near normal 
coronary arteriograms had excellent survival for 7 years. 2) 
Patients with mild, nonobstructive disease had a small but 
definite increase in risk of mortality over 7 years. 3) A 
history of smoking was associated with increased risk of 
mortality. 4) A history of hypertension recorded at entry 
into the study was related to an increased mortality over 7 
years. 5) An ischemic response to exercise was not asso•
ciated with an increased mortality in either the normal group 
or the group with mild coronary artery disease. 
Appendix 
Cooperating Clinical Sites 
University of Alabama, Birmingham, AL. William J. Rogers, MD. * 
Richard O. Russell, Jr., MD, Albert Oberman, MD. Nicholas T Kouch•
oukos, MD. 
Albany Medical College, Albany, NY. Eric D. Foster, MD,* Julio 
A. Sosa, MD,* Joseph T. Doyle, MD. Martin F. McKneally, MD, Joseph 
B. McIlduff, MD, Harry Odabashlan, MD, Thomas M. Older, MD. 
Boston University, Boston, MA. Thomas Ryan, MD, * David Faxon, 
MD, Laura Wexler, MD, Robert L. Berger, MD, Donald Wemer. MD, 
Carolyn H. McCabe, BS. 
Loma Linda University, Loma Linda, CA. Melvin P. Judkins, MD,* 
Joan Coggin. MD. * 
Marshfield Medical Foundation, Inc. and Marshfield Clinic, 
Marshfield, WI. William Myers, MD,* Richard D. Sautter. MD,* John 
N Browell, MD, Dieter M. Voss, MD, Robert D. Carlson, MD. 
Massachusetts General Hospital, Boston, MA. J. Warren Harthorne, 
MD.* W. Gerald Austen. MD,* Robert Dinsmore, MD, Frederick Levine, 
MD, John McDermott, MD. 
Mayo Clinic and Mayo Foundation, Rochester, MN. Robert L. Frye. 
MD,* Bernard Gersh. MD, David R. Holmes, MD, Michael B. Mock, 
MD, Hartzell Schaff, MD, Ronald E. Vlietstra. MD. 
Miami Heart Institute, Miami, FL. Arthur J. Gosselin, MD,* Parry 
B. Larsen, MD, Paul Swaye, MD. 
Montreal Heart Institute, Montreal, Quebec, Canada. Martial G. 
Bourassa MD, * Claude Goulet, MD, Jacques Lesperance, MD. 
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New York University, New York, NY. Ephraim Glassman, MD,* 
Michael Schloss, MD. 
St. Louis University, St. Louis, MO. George KaIser. MD, * J. Gerard 
Mudd, MD.* Robert D. Wiens, MD, Hendrick B. Barner, MD, John E. 
Codd, MD, Denis H. Tyras. MD, Vallee L. Willman. MD, Bernard R. 
Chaitman, MD. 
St. Luke's Hospital Center, New York, NY. Harvey G. Kemp. Jr., 
MD.* Airlie Cameron, MD. 
Stanford University, Stanford, CA. Edwin Alderman, MD.* Francis 
H. Koch, MD, Paul R. Cipriano, MD. James F. Silverman, MD, Edward 
B. Stinson. MD. 
Medical College of Wisconsin, Milwaukee, WI. Felix Tristani, MD, * 
Harold L. Brooks, MD,* Robert J. Flemma, MD. 
Yale University, New Haven, CT. Lawrence S. Cohen, MD,* Rene 
Langou, MD, Alexander S. Geha, MD, Graeme L. Hammond, MD, Rich•
ard K. Shaw, MD. 
Central Electrocardiographic Laboratory 
University of Alabama, Tuscaloosa, AL. L. Thomas Sheffield, MD, * 
David Roitman, MD, Carol Troxell, BS. 
Coordinating Center 
University of Washington, Seattle, WA. Kathryn Davis, PhD,* Mary 
Jo Gillespie, MS, Lloyd Fisher, PhD, J. Ward Kennedy, MD, Richard 
Kronmal, PhD, Keven Cain. PhD. 
Chairman of the Steering Committee 
Thomas Killip, MD, Beth Israel Medical Center, New York, NY. 
National Heart, Lung, and Blood Institute 
National Institutes of Health, Bethesda, MD. Eugene R. Passamani, 
MD, Thomas Robertson, MD, Charles G. Hollingsworth, Dr PH, Peter 
Frommer, MD. 
*Principal Investigator. 
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